Complaints of stress are common in modern life. Psychological stress is a major cause of lifestyle-related issues, contributing to poor quality of life. Chronic stress impedes brain function, causing impairment of many executive functions, including working memory, decision making and attentional control. The current study sought to describe newly developed stress mitigation techniques, and their influence on autonomic and endocrine functions. The literature search revealed that the most frequently studied technique for stress mitigation was biofeedback (BFB). However, evidence suggests that neurofeedback (NFB) and noninvasive brain stimulation (NIBS) could potentially provide appropriate approaches. We found that recent studies of BFB methods have typically used measures of heart rate variability, respiration and skin conductance. In contrast, studies of NFB methods have typically utilized neurocomputation techniques employing electroencephalography, functional magnetic resonance imaging and near infrared spectroscopy. NIBS studies have typically utilized transcranial direct current stimulation methods. Mitigation of stress is a challenging but important research target for improving quality of life.
Introduction
Stress is the inability to cope with a perceived threat to one's physical, emotional, or psychological well-being. Stress-related disorders can pose a serious threat to quality of life, and dysfunction in daily life can interfere with social life and physical health. Stress is reported to have a range of behavioral (Carneiro et al. 2012; Gärtner et al. 2014) , cognitive (Lyle and Yaroush 2003) , neurovascular (Durantin et al. 2014) , cardiovascular (Healey and Picard 2005) and molecular effects (Mariotti 2015) . In recent years, a number of neuroimaging studies have reported evidence of stress-related cognitive disturbance, leading to the degradation of physiological and mental health (Marin et al. 2011 ) and memory impairment (Roozendaal et al. 2009 ). The International Statistical Classification of Mental Disorders (ICD-10; WHO) identifies stress as a nonpsychotic mental disorder (code: F43) (Organization 1993). Moreover, stress-induced plasticity is reported to be associated with shrinkage of the hippocampus and prefrontal cortex (PFC) (Chattarji et al. 2015) as well as weakening of prefrontal networks (Arnsten 2015) . In severe cases, chronic stress can develop into stress-related diseases with serious impacts, including burnout, depression and posttraumatic stress disorder (de Kloet et al. 2005; Marin et al. 2011) . Stress-related elevation of cortisol in the blood has been found to metabolize white blood cells and weaken the immune system. This can lead to an excess of blood cholesterol, causing artery plaques that may result in hypertension and chronic cardiac disease (Mor et al. 1995) .
Despite the severe effects of stress on the human body, treatment of stress has remained marginal in medical practice, due to the absence of established methods for the treatment of stress. However, with recent developments in physiology, neuroscience and bioengineering, advanced methods for the detection and identification of stress have been developed. Moreover, a number of studies have investigated the origins of stress in the body (de Kloet et al. 2005; Dimitriadis et al. 2015; Kuipers et al. 2008; Wager et al. 2009 ) as well as developing suitable assessment methods (Sharma and Gedeon 2012) .
The stress response cycle typically begins with the hypothalamus, when sensory information is received from cortical areas and associated with memory-related information registered in the amygdala (McEwen et al. 2015) . The neocortex processes sensory perception, language and motor commands, decoding cognition into emotion and classifying stimuli as threat-or pleasure-related. This information is transmitted to nerve endings in various parts of the body via the brain stem and reticular fibers that link the brain with the spinal cord. Responses are then transmitted via neuronal synapses to the sympathetic and parasympathetic branches of the autonomic nervous system (ANS) via the vasomotor center located in the reticular area, as a rapid recovery method (de Kloet et al. 2005) . The hypothalamus then initiates the secretion of hormones as an intermediate recovery method. Cortisol is the most common hormone produced under stress, and is secreted from the adrenal glands located on top of each kidney. The secretion of cortisol is not directly activated; rather, it is an outcome of a sequential process that includes the activation of the hypothalamic-pituitary-adrenal (HPA) axis (de Kloet et al. 2005) .
Perceived stress causes the hypothalamus to stimulate the production of corticotrophin-releasing hormone (CRH), which travels through blood vessels to reach pituitary gland and results in the secretion and release of adrenocorticotropic hormone (ACTH) (Holsboer and Ising 2010) . Upon secretion into the blood, ACTH sequentially activates the adrenal cortex (Dedovic et al. 2009a, b; Holsboer and Ising 2010) . The adrenal cortex produces and releases glucocorticoids, particularly cortisol in humans (Holsboer and Ising 2010) . The glucocorticoids assist in the production of glucose by degrading proteins (amino acids) in the liver to provide essential energy required by the CNS as well skeletal muscles (Lupien et al. 2007 ). In addition, cortisol assists in breaking down and mobilizing of fatty acids for energy, in a process called lipolysis (Lupien et al. 2007 ). Moreover, cortisol metabolizes white blood cells and hence weakens the immune system (Maduka et al. 2015) . Importantly, increased cortisol levels can cause an excess of cholesterol in the blood (Maduka et al. 2015) , resulting in artery plaques that can lead to hypertension and chronic cardiac disease. The stress response cycle is shown in Fig. 1 .
Several recent literature reviews have examined the identification of stress using different approaches, including measures and computational techniques used to examine stress (Sharma and Gedeon 2012) , methods for measuring autonomic nervous system activity in response to stressors (Jarczok et al. 2013) , stress detection using physiological measurement (Sioni and Chittaro 2015) , automatic stress recognition in office environments (Alberdi et al. 2016 ) and cortisol-sensing techniques (Kaushik et al. 2014) . In addition to these reviews, a number of recent studies have highlighted the potential for the identification of stress using neuroimaging techniques such as functional magnetic resonance imaging (fMRI) (K. Dedovic et al. 2009a, b; Pruessner et al. 2010) , electroencephalography (EEG) and finite near-infrared spectroscopy (fNIRS) (Mandrick et al. 2013) . Although the identification Fig. 1 Brain areas exhibiting activation in response to stress. The sensory information is received from cortical areas À and associated with memory-related information registered in the amygdala`before proceeding to the hypothalamus´. This information is transmitted to nerve endings in various parts of the body via the brain stem and reticular fibers that link the brain with the spinal cord. Responses are then transmitted via neuronal synapses to the sympathetic and parasympathetic branches of the autonomic nervous system (ANS) via the vasomotor centerˆlocated in the reticular area, as a rapid recovery method. The hypothalamus then initiates the secretion of hormones as an intermediate recovery method. Perceived stress causes the hypothalamus to stimulate the production of corticotrophin-releasing hormone (CRH) Þ, which travels through blood vessels to reach pituitary gland and results in the secretion and release of adrenocorticotropic hormone (ACTH) þ. Upon secretion into the blood, ACTH sequentially activates the adrenal cortex. The adrenal cortex produces and releases glucocorticoids, particularly cortisol in humans of assessment methods is important, practical application of these identification methods in treatment is a critical step for addressing the health impacts of stress. However, even the most recent reviews of new stress treatment methods are relatively out of date (Prinsloo et al. 2014; Sampaio et al. 2012; Schestatsky et al. 2013; Schoenberg and David 2014) . The current review sought to compile new studies of stress treatment that have been conducted since the publication of previous review articles.
Measurement of stress response
Heart rate variability Heart rate variability (HRV) has been used as a quantitative indicator of autonomic activity for several decades (Malik 1996) , and is considered to provide an accurate indication of mental task difficulty and mental stress (Chanel et al. 2009; Healey and Picard 2005; Ryu and Myung 2005) . HRV is typically measured using electrocardiography (ECG), which provides a visualization of heart-generated electrical activity.
HRV analysis can be performed in both time and frequency domains. For each QRS complex detected with ECG, the normal-to-normal (NN) beat interval and instantaneous HR can be determined (Malik 1996) . The total power of RR variability (variance) has been used in a number of studies as a selective indicator of cardiac parasympathetic tone (Brennan et al. 2001) . However, in augmented sympathetic activity, RR variability does not appropriately reflect the balance with related vagal withdrawal. The vagus nerve enables communication between the parasympathetic nervous system (PNS) and the heart. For healthy subjects under resting conditions, power spectral analysis represents the two dominant rhythmic oscillations in the arterial blood pressure heart period fluctuations (Palacios-Garcia et al. 2015) . The low frequency (LF) component typically concentrates at a frequency of 0.1 Hz, while the high frequency (HF) component, synchronous with respiration, has a central frequency of 0.25 Hz. In HRV measurement, the LF/HF ratio is typically greater than 1. However, in some cases the LF/HF ratio has been reported to be elevated as high as 20 (Malliani et al. 1991) . In addition to these two rhythms, some studies have examined the very low frequency (VLF) component of HRV. The power component of VLF is typically measured in absolute values of power (ms2). However, the power of LF and HF can either be measured in absolute values of power (ms2) or in normalized units (n.u.) whose value can be calculated (Palacios-Garcia et al. 2015) .
Skin conductance (SC)
Varying body temperature causes changes in skin resistance due to a momentary boost in the conductance of skin that is proportional to sweat discharge (Healey and Picard 2005) . The galvanic skin response (GSR) provides an electrical measure of skin resistance by measuring the difference in skin conductance between two body parts (Micoulaud-Franchi et al. 2014 ). There are two types of GSR measurement: endosomatic and exosomatic. The former involves the measurement of the skin's own electrical activity, while the latter involves the application of external voltage to measure changes in the electrical properties of the skin (Schmidt and Walach 2000) .
Two key components are typically considered in the measurement of SC: the skin conductance level (SCL), and the skin conductance response (SCR) (Setz et al. 2010) . The SCR typically occurs in response to a distinct stimulus, causing increased SC for a particular period of time, then falling to the normal level (Healey and Picard 2005) . SCR has four important characteristics: the latency of stimulus response onset (SCR lat.), the maximum rise in amplitude (SCR amp.), the response time for the wave to rise to the peak (SCR rise t.) and half of the recovery time (SCR rec. 1/2) (Setz et al. 2010) .
GSR is considered to provide a reliable stress indicator, because sweat glands are under the control of sympathetic nervous system (SNS) and exhibit sympathetic changes under stress. SC has been used in several studies for inferring psychological stress (Chanel et al. 2006; Chanel et al. 2009; Haapalainen et al. 2010; Zhai and Barreto 2006) .
Blood volume changes
The change in the volume of blood flow in the arteries and veins is under the autonomic control of the peripheral vascular tone (Allen 2007; Tanaka and Sawada 2003) . Blood volume changes can be measured using noninvasive photoplethysmography (PPG). PPG measures blood volume in peripheral regions such as at the earlobe and fingertips, where blood vessels have close contact with the skin. The waveforms recorded at the fingertips demonstrate variations in blood volume in the finger, and are considered to reflect the sympathetic activation of the small arteries in the fingertip (Chan et al. 2005 ). Blood volume pulses have been examined in several studies of psychological stress (Kageyama et al. 2007; Zhai and Barreto 2006) . Several features of the PPG waveform have been analyzed in previous studies, including variability in beat-to-beat PPG rise time, pulse transit time (PTT), amplitude and shape (Allen 2007; Chan et al. 2005) .
Respiration
In addition to the cardiac cycle, respiration is also strongly associated with circulation (Healey and Picard 2005) , and is reported to affect arterial blood pressure and heart period variability (Nemati et al. 2010) . Many studies of psychological stress have also utilized respiration as a measure of sympathetic changes under stress (G. Chanel et al. 2006; Guillaume Chanel et al. 2009; Healey and Picard 2005; Wilson et al. 2000) .
Respiration can be recorded using a respiration belt that measures thoracic expansion, and rhythmic ejections in phase with respiratory activity are associated with sympathetic and vagal depletion (Malliani et al. 1991) .
Endocrinal changes
Endocrinal response to acute or chronic stress has also received much attention in research and development. Teixeira and colleagues recently examined the occurrence of chronic stress in business executives and its relationship with cortisol levels, as well as cognitive performance and ANS activity (Teixeira et al. 2015) . The results revealed higher cortisol levels among subjects with chronic stress, with no gender-related differences. As mentioned above, the HPA axis plays a pivotal role in the generation of stress-related hormones. In one laboratory study, Foley and Kirschbaum tested HPA axis responses to acute stress (Foley and Kirschbaum 2010) . Cortisol levels were selected to examine changes in the HPA axis response to stress. The results revealed different cortisol levels between healthy subjects and patients.
Brain activation during stress
The brain is sensitive to the detrimental effects of stress exposure. Recent research indicates that even acute uncontrollable stress can cause a rapid and dramatic decline in executive functions, and chronic stress exposure can cause architectural changes in brain dendrites (Arnsten 2009 ).
Advances in neuroimaging techniques have revealed that psychiatric conditions can cause dysregulation in neural circuits (Bonelli and Cummings 2007; Lozano and Lipsman 2013) . A number of magnetic resonance imaging (MRI) studies have been conducted with humans and animals to examine the patterns of brain activation involved in various mental states and thought processes. Studies using animal models have revealed the activation of amygdala during fear conditioning (LeDoux 2000; Phelps and LeDoux 2005) . Human studies have also shown the activation of the amygdala in fear processing. Moreover, a functional MRI (fMRI) study reported increased amygdala activity among city-dwellers engaged in a stressful lifestyle compared to the inhabitants of rural areas (Lederbogen et al. 2011) . Another fMRI study reported that threat-related stimuli are first registered in the amygdala, followed by cortical responses (Pruessner et al. 2010) .
Other neuroimaging modalities such as electroencephalography (EEG) and near infrared spectroscopy (NIRS) have also assisted to unveil brain states under various conditions. For example, features of EEG signals have been found capable of recognizing emotional changes (Atkinson and Campos 2016) . Similarly, NIRS has been found to be capable of identifying mental overload (Durantin et al. 2014 ).
Mitigation of stress

Biofeedback
Stress causes variability in ANS function, including reduced body temperature, increased SC, increased HR, muscle tension and respiration rate (Jarczok et al. 2013) . BFB methods provide a way to regulate these variations and display the information in real time. Thus, BFB enables a subject to be aware of their thoughts, emotions or actions and their impact on the body, as well as assisting in the development of a degree of control over their physiology.
Several comprehensive reviews have examined the role of BFB in mediating stress (Prinsloo et al. 2014; Schoenberg and David 2014; Van Den Broek and Westerink 2012) , compiling studies published before February 2014. In this section, we focus on studies published after that date. A list of these studies is shown in Table 1 . In these studies, HRV-BFB was most commonly used (five studies), followed by RSA-BFB (four studies) and SCR-BFB (two studies).
In a randomized controlled trial (Munafò et al. 2016 ) evaluated the effectiveness of respiratory sinus arrhythmia (RSA) BFB as a stress treatment intervention among managers with high-level work responsibilities. A sample of 31 managers participated in the study, split into a training group (N = 16) and a control group (N = 15). The training group received five weekly 45-min sessions of RSA BFB, while the control group were instructed to compile a daily stress diary that was provided to the experimenters once a week. The results revealed that RSA BFB training was associated with a decrease in resting heart rate, lower anxiety levels and improved health-related quality of life in both groups (Munafò et al. 2016) . Importantly, managers in the RSA-BF group exhibited increased vagal control (as indexed by increased RSA), NFB has traditionally been considered only in the treatment of cognitive disorders such as ADHD. However, several studies have found that NFB is a successful treatment for various conditions that share common physiological mechanisms with stress. NFB is indirectly related to stress, impacting on its symptoms and contributing factors. As stress cannot be directly measured, the development of appropriate treatments often relies on targeting indicators of stress, such as anxiety or depression.
Hardt and Kamiya conducted the first study of NFB as a treatment for mitigating anxiety in 1978 (Hardt and Kamiya 1978) . In this study, EEG alpha activity was used to regulate state anxiety. Subjects were categorized into high and low trait anxiety groups, based on the Minnesota Multiphasic Personality Inventory (MMPI). Training took place over seven consecutive days. Each day, alpha enhancement and alpha reduction feedback were recorded from each subject with eyes closed, following resting baseline measurement. In each session, state anxiety was measured using the Multiple Affect Adjective Check List (MAACL) before and after the feedback recording. Feedback was provided in the form of audio tone which was in proportion with instantaneous Oz alpha voltage. The results revealed that alpha activity was negatively correlated with state anxiety in high trait anxiety individuals. The inverse relationship between increased alpha activity and reduced state anxiety became stronger when the high trait anxiety group was trained for more than 2 h. Despite these effects in the high trait anxiety group, the low trait anxiety group showed no significant relationship between alpha activity and state anxiety (Hardt and Kamiya 1978) . Fedotchev (2010) tested a combined EEG NFB approach to alleviate stress-related functional disorders. In double EEG NFB, EEG band oscillations were simultaneously used to operate two independent feedback cycles. According to this approach, narrow band EEG oscillators with particular characteristics for each patient were detected in real time and simultaneously used in two independent feedback loops: the traditional adaptive BFB loop and an additional resonance stimulation loop. The traditional feedback loop was operated through theta band EEG oscillation to control the pitch and intensity of an audio signal. In the latter loop, the feedback signals from individual alpha band EEG oscillators play a role in the automatic modulation of the parameters of light stimuli and were unknowingly observed by the subject. Twenty-five subjects participated in two to four experimental sessions and their behaviors were analyzed using the Well-being Activity and Mood (WAM) inventory. The results revealed that, following double EEG NFB, subjects were able to successfully eliminate theta power and instead produce alpha power activation, compared with traditional NFB training. However, although self-estimation measures showed significant changes in mood (P \ 0.01) and wellbeing (P \ 0.05), the proportion of subjects exhibiting elimination of theta power did not reach significance.
Symptom-focused NFB methods have many potential applications for stress research. Van Boxtel et al. (2012) conducted a double blind placebo-controlled study of relaxation among people experiencing stress, and compared alpha power training with random beta training or no training for inducing relaxation (Van Boxtel et al. 2012 ). Post-training EEG measurement revealed that only the alpha power training group exhibited a significant increase in alpha power at posterior regions. This effect was found to be sustained in 3-month follow-up recording, particularly in the eyes-open condition, in which an additional 10% increase was observed. On subjective feedback measures, almost twice as many participants in the alpha training group mentioned that the training was relaxing, compared to those in either the beta or no training control groups. Behavioral measures of stress and relaxation also indicated an effect of alpha activity training. However, these effects did not reach statistical significance.
Altered SCPs have been reported among patients with impaired attentional functioning, including patients with schizophrenia. A controlled study found that SCP NFB led to improved cognitive function in patients with schizophrenia, (Gruzelier et al. 1999) . The researchers speculated that the impaired cognitive performance in schizophrenia was due to tension and anxiety (Gruzelier et al. 1999) . Psychosocial stress has been established as an important risk factor, increasing the likelihood of relapse in schizophrenia (Stein and Nikolic 1989) . It has been found that schizophrenic patients living in stressful home environments are at a substantially greater risk of relapse than those living in low-stress homes (Leff and Vaughn 1981) .
Hendler (2013) conducted a longitudinal study of effects of NF training on mental resilience to stress and emotional regulation ability, seeking to develop an efficient EEGbased NFB approach that is specific to amygdala function and stress. The study had three main aims: (a) to develop an innovative EEG-NFB LMI approach for stress resilience; (b) to evaluate the developed EG-NFB approach with the conventional alpha/theta (A/T) training outcomes; and (c) to use fMRI to verify that the proposed EEG-NFB-LMI approach is more amygdala-specific than conventional A/T training. Both EEG-NFB training methods were compared against a placebo group. This research group has published another study on emotional regulation training with NFB (Cavazza et al. 2014) .
NFB for improving performance anxiety Fear of failure under stressful conditions is a common cause of performance anxiety, including test-related anxiety (Hembree 1988) , and performance anxiety in sports (Tharawadeepimuk and Wongsawat 2017), music and acting (Mor et al. 1995) . A number of studies examining this type of stress have revealed that NFB can improve performance. Egner and Gruzelier (2003) conducted a study of alpha/theta NFB with musicians while performing under stressful conditions (Egner and Gruzelier 2003) . Performance was compared with other groups who received either different NFB protocols (SMR and beta1) or alternative interventions, such as mental skills training, sports psychotherapy and training with the widely-used Alexander Technique. Only the alpha/theta NFB group exhibited enhanced real-life musical performance under stress.
In addition, a randomized controlled study of the effects of NFB on performance anxiety reported improved performance among ballroom dancers (Raymond et al. 2005) . Twenty-four dancers were randomly assigned to groups receiving NFB training, HRV BFB or no intervention. Performance was evaluated before and after training. Both BFB groups exhibited improved performance, while the control group showed no change. The NFB group showed the greatest improvement in overall performance, with a significant improvement in timing synchronization. The quantitative EEG (QEEG)-based approach has also been reported to successfully reduce performance anxiety among baseball players (Sherlin et al. 2013) .
The Performance anxiety and decision making skill are two important factors that reflect on the performance of an athlete. QEEG is able to measure the cognitive anxiety and decision making level and thus can predict the performance of an athlete during the competition. This idea was executed in a study (Tharawadeepimuk and Wongsawat 2017) where 29 female professional soccer players participated to record their QEEG three time, twice before the competition and once after the competition. The QEEG markers of the cognitive anxiety and decision making were absolute power in the alpha band in the posterior brain region and coherence in the delta band in the whole brain, respectively. The study found out that the QEEG markers before competition correlated with the average performance score of the players during the competition. Players who had lower brain activity before competition had lower performance scores during the competition. QEEG markers could be an alternative evaluation approach to assist the coaching staff to select key players based on the prediction of their performance.
Neurofeedback for improving impaired concentration Impaired concentration is commonly reported by patients with anxiety disorders, suggesting that attentional control and cognitive performance are related to anxiety and psychological stress (Eysenck and Derakshan 2011; Palacios-Garcia et al. 2015) . The top-down attentional network involves the PFC, particularly the dorsolateral PFC (Arnsten 2009; Arnsten and Rubia 2012; Bishop 2008) . Inducing stress has been reported to cause an immediate increase in the concentration of catecholamines noradrenaline and dopamine in the PFC, and an excessive concentration of any hormone has been found to affect the performance of the prefrontal attentional network (Arnsten 2009 ). Some evidence suggests that excessive glucocorticoid levels may cause additional disturbance in PFC executive functioning (Lupien et al. 2007) , which can exacerbate impairments of concentration during stress (Lupien et al. 2007 ). Putman et al. (2014) reported that the deleterious effects of anxious stress on the control of attentional state can be mediated by theta/beta ratio. While previous studies have examined central cortical activation during NFB theta/beta ratio training in patients with ADHD (Arns et al. 2014; Barry et al. 2003) , the effects of theta/beta NFB training on the PFC are yet to be examined.
Changes in autonomic activation HRV is another wellstudied physiological marker of stress. In one study, Bazanova and colleagues used alpha frequency-based NFB training and examined the effects on HRV (Bazanova et al. 2013) . A group of 27 healthy males were included in the study, divided into experimental and control groups. The experimental group participated in 10 sessions of NFB alpha power training under eyes-closed conditions, while the control group was engaged in a matched number of sham NFB sessions. HRV features (LF/HF and PNN50) as well as psychometric indicators of cognitive performance were recorded before, during, and after training. The results revealed that alpha NFB training was associated with improved cognitive performance, decreased anxiety and frontal activation (measured with EMG), as well as increased resting frequency, width and power in the individual upper alpha range, exclusively in subjects with low baseline levels of alpha activity. In contrast, sham NFB enhanced resting alpha power only in participants with high baseline levels of resting alpha activity, and did not affect cognitive performance or HRV indices. NFB training helped sustain alpha power in response to an arithmetic task among subjects with high and low baseline levels of alpha activity, and this effect was observed in 1-month follow-up measurement. Sham NFB training revealed no such effect. In addition, subjects with low baseline alpha activity exhibited a positive correlation between the alphapeak frequency and the pNN50. In contrast, subjects with high baseline alpha activity demonstrated a negative correlation between the two measures. These bidirectional NFB-related effects on HRV in low and high baseline alpha activity subjects may be related to the effective of alpha training on HRV. As such, these findings may have predictive value for developing individual approaches to NFB training that can be used in clinical treatment and the rehabilitation of psychosomatic disorders, as well as educational training.
NIRS based NFB
Near infrared spectroscopy (NIRS) is another neuroimaging modality that can be used in neurofeedback. It measures the brain activity by monitoring the variations in cerebral blood flow (CBF). The exposure of NIR light (650-1000 nm) to the scalp penetrates through the human tissues and returns back to the scalp. The exposed NIR light is partially absorbed by chromophore hemoglobin (the oxygen transport red blood cell protein) or locally absorbed and scattered in tissues before undergoing absorption in the cerebrum.
One NIRS study revealed increased frontal CBF under excessive workload (Mandrick et al. 2013 ). In addition, Durantin and colleagues detected mental load with NIRS and HRV simultaneously (Durantin et al. 2014 ).
Kotozaki and colleagues tested NIRS and HR-based BFB as a stress coping intervention (Kotozaki et al. 2014 ). Moreover, they measured salivary cortisol levels to track the efficacy of stress-coping skills training using BFB. After 28 days of daily 5-min BFB sessions (in combination with a range of tasks to control heart rate and cerebral blood flow), the intervention group showed significantly reduced cortisol levels compared to the control group. This study also identified the anatomical correlates of the effectiveness of NFB. MRI scans revealed that the intervention group had significantly expanded regional gray matter (GM) volume in the right lateral orbitofrontal cortex compared with the control group. These brain regions are related to stress responses and a range of evidence suggests that they are sensitive to its harmful effects (Kotozaki et al. 2014) , as shown in Fig. 2 .
Previous studies of NFB have mostly relied on the conventional use of questionnaires to track behavioral changes related to training. However, a study by Durousseau (2013) validated the effects of NFB training by measuring cortisol changes in the blood, as well as measuring changes in brain activity patterns, mood and performance under stressful conditions using QEEG evaluation. In this study, two military veterans underwent 20 NFB sessions with pre-and post-training EEG recording. Pre-and post-training changes were evaluated using neuropsychological assessments. Additionally, blood samples were taken from one subject to evaluate changes in plasma cortisol to examine changes in stress levels during training. In total, 7 blood samples were drawn throughout the course of training (3 pre-, 2 mid-and 2 post-training samples). The results revealed that cortisol levels changed from an initial concentration of 14.07-11.45 mcg/dl after training, exhibiting a 43% training-related reduction in cortisol concentration. In addition, the reduction in cortisol levels was in line with the reported post-training behavioral changes in anxiety, impulsivity and anger, as well as improved mood and life satisfaction (Durousseau 2013) .
The role of NFB in altering cortisol and dehydroepiadrosterone (DHEA) was also examined in a case study by (Burns 2015) on the treatment of a patient with hereditary angioedema (HAE). The study reported that NFB training altered cortisol and DHEA levels. The onset of an HAE episode typically involves psychological and physical stress, as well as other bodily and environmental changes. A 43-year-old female patient who experienced her first HAE episode at age 8, underwent 20 half-hour NFB sessions, and cortisol and DHEAS levels were measured preand post-NFB training. As shown in Fig. 3 , the pre-NFB cortisol level was 23.3, with a pre-NFB DHEAS level of 44 and a cortisol/DHEAS ratio of 0.55. Post-NFB measures taken 4 weeks after the last NFB session revealed a cortisol level of 13.1, a DHEAS level of 33 and a cortisol/DHEAS ratio 0.40. In addition, the results indicated a sustained effect of NFB treatment in reducing stress after 4 weeks.
Because HAE is such a rare condition (affecting only 1 in 50,000 people), this study included only one subject. However, this represents pioneering research, suggesting the potential usefulness of NFB in reducing psychological and physiological stress in HAE. Moreover, reductions in the level of cortisol and the cortisol/DHEA ratio suggesting reduced stress were in line with the patient's self-reported improved quality of life. The exposed NIR light is partially absorbed by the hemoglobin while about 10 time more light is scattered in tissues before undergoing absorption in the cerebrum (Delpy and Cope 1997) . In order to retrieve reliable and accurate signals from the cerebral cortex, numerous methods to compensate the scattering effect have been proposed such as multi-distance independent component analysis (MD-ICA). MC-ICA is capable of scalp signal separation but it requires time series data for statistical purposes. Due to this constraint, MD-ICA cannot be used for real-time processing as required in NFB. Alternatively, (Ung et al. 2017 ) examined the real-time scalp signal separating (RT-SSS) algorithm for the retrieval of reliable scalp signals. RT-SSS takes the source-detector (SD) distance into account. According to RT-SSS algorithm, when the SD distance is larger than the minimum distance for the exposed NIR light to penetrate the deep layer, the scalp signals can be considered as constant. Therefore, the scalp signal sensed at the extra detector can be discarded from the mixed NIRS signal received at standard-distance detectors to yield deep signals.
fMRI-based NFB
Tegethoff (2016) recently proposed a study of the modulation of stress reactivity using fMRI-based neurofeedback that seeks to establish a real time fMRI-based NF protocol targeting subjective, endocrine and neural reactivity to psychosocial stress (Tegethoff 2016 ) (ClinicalTrials.gov Identifier: NCT02560233). The proposed study has three main goals: (a) to evaluate whether RT-fMRI-NF-based training of volitional control over specific brain activity can modulate neural and subjective reactivity to stress; (b) to evaluate whether acquired neuromodulation can provide a new method for modulating peripheral hormone release; and (c) to evaluate the efficacy of acquired neuromodulation and examine the effects on activity in the central nervous system (CNS) and ANS, measured using EEG and HRV, respectively. The results of this study have not yet been published. A list of neurofeedback based studies is shown in Table 2 .
Non-invasive brain stimulation
Techniques involving non-invasive brain stimulation (NIBS) have recently become the focus of renewed interest following developments in fundamental and clinical neuroscience. Two main techniques of NIBS have been intensively studied: transcranial direct current stimulation (tDCS) and repetitive transcranial magnetic stimulation (rTMS) (Fregni and Pascual-Leone 2007) . Although research into both techniques has provided new insight into cortical excitability and the treatment of numerous clinical conditions (Fregni and Pascual-Leone 2007) , their mechanisms of action remain poorly understood.
NIBS has been found to modulate stress and stress-related physiological mechanisms, and systematic reviews of research into the impact of NIBS on cortisol and ANS-vital indicators of stress-have been published (Sampaio et al. 2012; Schestatsky et al. 2013 ). Here we review a number of new studies on the physiological effects of NIBS on ANS, and neuroendocrine effects on cortisol, published since these previous review articles. According to a SCOPUS literature search, eight studies have been published in the last 3 years. To systematically compare the outcomes of these studies, we have examined the data using several parameters involved in the performance of NIBS, presented in Table 3 . These parameters include: (1) number of subjects; (2) location of brain stimulation; (3) reference location of brain stimulation; (4) polarity of stimulation; (5) blindness of the study design; (6) current density; (7) duration of stimulation; (8) number of sessions of brain stimulation; (9) assessment parameters and (10) use of a stressor. ND 18-34 years Individual NFB alpha training effectively altered HRV, providing predictive value. Subjects with low baseline alpha power exhibited a positive correlation between alpha peak frequency and pNN50, while a negative correlation was observed in subjects with high baseline alpha power. Increased accuracy and control of cognitive performance, decreased anxiety and frontal EMG activity, and enhanced resting frequency was caused by alpha training. Alpha training also abolished a decline in alpha power A total of 385 subjects participated in these studies, with a mean age of 26.79 ± 9 years. The active stimulation locations tested include: left dorsolateral prefrontal cortex (left DLPFC, F3; used in four studies, three times with reference to its lateral location F4, and once with the right upper arm as a reference); right DLPFC (R-DLPFC, F4; used in two studies, once with Cz and once with the left supraorbital region FP1 as a reference); and, right medial prefrontal cortex (R-mPFC, FP2-FPz; with a left temporal location, T3, actively stimulated in each study, and O2-P4 and FP2 as reference locations, respectively). Five of the studies used anodal stimulation compared with sham stimulation, while three studies also applied cathodal stimulation in addition to anodal and sham stimulation conditions. Two studies were single-blind, while five were double-blind. One study included two experiments, one of which was single blind while the other was double blind, with a total of three single blind and six double blind experiments. The minimum current density used was 0.02 mA/cm 2 , and the maximum was 0.06 mA/cm 2 . The stimulation period in all studies was between 12 and 33 min. Except for one study involving two experiments composed of five and three sessions of stimulation, all other studies were either composed of one session of parallel stimulation (active or sham in four studies) or two crossover sessions of stimulation testing the same subject in both active and sham stimulation conditions (three studies). Four studies utilized ANS markers for assessment such as SC (two studies), HR (one study), HRV (two studies), and two of the studies measured changes in cortisol levels. Of these, one study also recorded stimulationrelated changes using fMRI. Most studies used a stressor in their methodology.
Several of these recent studies examined the mediation of stress responses after the application of tDCS. (Brunoni et al. 2013 ) investigated emotionally-triggered neuroendocrine responses using salivary cortisol levels, associated with modulation of dorsolateral PFC (DLPFC) excitability induced by tDCS. A study (Antal et al. 2014 ) investigated the mechanisms mediating psychosocial stress responses after the application of tDCS to the medial PFC (mPFC). Combining functional imaging, endocrinological measurement and psychophysics, the results revealed that mPFC activation was mediated by applying tDCS before performing an experimental task. This intervention was found to modify baseline regional cerebral blood flow (rCBF) under the electrode location. rCBF showed greater increases under anodal stimulation conditions, compared with sham and cathodal stimulation. Moreover, tDCS mediated cortisol release in a polarity-dependent way: cathodal stimulation increased the salivary cortisol response, while anodal stimulation decreased it. This finding of cortisol inhibition with anodal stimulation is in accord with the findings of Brunoni and colleagues (2013) . However, that study reported that left frontal stimulation induced cortisol inhibition (Brunoni et al. 2013) , in contrast to the significant effects of right frontal stimulation reported by Antal and colleagues (Antal et al. 2014) . This difference may have been related to the different experimental methodologies used in the two studies, with the induction of negative emotion used in the former study, and the induction of psychosocial stress in the latter study. In both studies, sham stimulation did not cause any significant changes.
Some evidence suggests that tDCS may alter ANS and hypothalamic function, and several studies have reported non-specific effects (Sampaio et al. 2012; Schestatsky et al. 2013) . However, it remains unclear whether conventional tDCS protocols cause acute changes in autonomic or hypothalamic functioning. Raimundo et al. (2012) studied the effects of 10-min tDCS sessions on 50 subjects, divided into active and sham stimulation groups. Both groups exhibited significant variations in skin temperature and cortisol levels, suggesting a generic stress response to the stimulation protocol. Thus, the study found no evidence of tDCS-specific alterations in autonomic function, body temperature or ventilation rate (Raimundo et al. 2012 ). In addition, Hamner and colleagues reported no tDCS-related effects on autonomic functioning in a study of 15 subjects participating in cold pressor tests at 0, 7 and 14°C followed by a single session of active and sham stimulation (Hamner et al. 2015) . Although the active stimulation group showed marginal differences in heart rate, blood pressure and the perception of pain after 14°C cold pressor tests, the effects did not reach statistical significance. In addition, tDCS had no significant effect on heart rate, blood pressure, leg blood flow, and leg vascular resistance at rest (Hamner et al. 2015) .
Non-specific changes in ANS and cortisol due to brain stimulation might be due to a lack of consistent stimulation parameters and ANS and cortisol measuring techniques. So far, no uniform stimulation parameters have been identified, an issue that requires more attention in future research. However, the significant variation reported by Raimundo and colleagues in the sham stimulation condition appears likely to be caused by more than parameter selection alone, and may require a closer examination of the study design (Raimundo et al. 2012) . Vigod et al. (2014) proposed a protocol for depressed women during pregnancy. The proposed treatment is designed to minimize changes of autonomic function, body temperature and ventilation rate. 
Conclusion
The mitigation of stress is an important research area with the increasingly ubiquitous demands of modern lifestyles. With the advent of physiological measures for the identification of stress, recent research into applications of these measures has opened new horizons for the objective treatment of stress. The measurement of BFB using HRV, respiration and skin conductance may be particularly useful in this regard, targeting direct quantitative markers of ANS. With substantial developments in the field of neuroscience in recent years, neuroimaging methods have revealed the role of several important brain regions during exposure to stress. For example, the amygdala has been identified as a key brain region for the processing of fear. NFB is an emerging technique for rehabilitation and intervention that makes use of operant conditioning to alter brain and behavioral responses by self-regulating brain activity. Until recently, NFB training was limited to the clinical treatment of several conditions, including epilepsy and sleep disorders. However, the use of this technique is now expanding to applications in diverse fields, including clinical as well as non-clinical applications. Various NFB training approaches have been studied and implemented with different technical methodologies, but with a common goal to train the brain to operate optimally under given conditions. NFB training has been found to significantly improve the conditions of stress and related dysfunctions, including anxiety and depression. Alpha enhancement training has been extensively studied as a treatment for stress-related anxiety and depression. For example, Van Boxtel et al. (2012) reported significant positive effects of alpha enhancement training compared with beta training, supported by evidence from a range of behavioral measures (Van Boxtel et al. 2012 ). In addition, maintaining asymmetry in alpha power across the hemispheres has been established as an effective treatment for patients with depression (Baehr et al. 2001; Harmon-Jones et al. 2010; Davidson 1990, 1991) . In many studies, the effects of NFB training have been validated with questionnaires to confirm training-related improvements, and physiological measures can provide further objective validation methods. Cortisol is one such physiological measure of stress. However, to date there have been few studies of the effects of NFB training using cortisol measures. Additional cortisol measurement studies are required to further clarify the mechanisms of NFB training-related improvements in stress responses. Changes in HRV have also been measured in response to NFB training, serving as a useful marker of stress and an appropriate validation measure.
Although NFB has been established as a valid treatment method for many disorders, the optimal training duration remains an open question. The studies included in the present review ranged from a single training session to 35 sessions. However, in most studies, eight to ten training sessions were considered appropriate. In addition, the duration of the gap between consecutive sessions has not yet been standardized.
In studies of NFB training, particularly frequency-based training targeting specific cortical areas, the effects of training on other parts of the brain remain largely unclear. Further research is required to clarify this question, investigating whether the effects of NFB training are localized to specific brain areas or if widespread effects are involved.
NIBS has recently been the subject of renewed interest, including its potential regulatory effects on ANS and hypothalamic functioning. Despite several studies reporting the success of NIBS methods in neurorehabilitation, its mechanism of action remains largely unclear. However, a small number of studies have also highlighted the nonspecific effects of NIBS on ANS and hypothalamic functioning. Clarifying the specific effects of NIBS methods requires further investigation.
